Background: Between 1957 and 1961 the substance Thalidomide was sold in West Germany and taken by many women as a sedative during pregnancy. This lead to miscarriages and infants been born with several severe malformations. The aim of this study was to describe the current situation of women impaired by Thalidomide induced embryopahty in North Rhine-Westphalia (Nordrhein-Westfalen), Germany, in comparison with the results found in a study done in 2002 by Nippert et al.
Background
Between 1957 and 1961 the substance Thalidomide was sold in West Germany under the trade name "Contergan". The drug was sold in many other countries like Sweden, Brazil, Ireland, the United Kingdom, Japan, Australia and Canada under several names [1, 2] . It was explicitly advertised in Germany by the manufacturer among physicians and pharmacists as a sedative being safer than other drugs [3, 4] , and in other countries as "free from untoward side effects" [5] . Furthermore the impression was left deliberately that it could be used safely by pregnant women [6, 7] , so many of them took it during pregnancy. But, while being taken in the first trimester of pregnancy, Thalidomide can cause severe fetal damages [8] . The incidence of miscarriages and perinatal morbidity remains unknown with widely varying estimations [1] . Almost 90% of the children born in Germany with impairments caused by Thalidomide show dysmelias, either in their upper extremities alone or in their upper and lower extremities. Further disfiguring impairments in the face and hearing loss could occur [9] . A population study done in Sweden showed an elevated risk for autism in combination with mental retardation [10] .
Two independently working clinicians expressed concerns about a connection of the drug with the witnessed rise in the incidence of those very specific birth defects [2, 11, 12] . In consequence this led to the withdrawal of Thalidomide from the German pharmaceutical market on November 26, 1961 . In Canada the authorities took action on March 2, 1962 [13] , while in Japan some of the manufacturers withdraw Thalidomide voluntarily on May 17, 1962 [14] from the market.
While the exact causation mechanisms for the birth defects are still not fully understood and many theories are presented [7, [15] [16] [17] , the issue of impairments generated by Thalidomide has not lost any of its relevance. In recent years the agent has come back into the drug market for treatment of leprosy [18] , cancer [19] [20] [21] and refractory Crohn's Disease [22] . Although being distributed under strict regulations [23] [24] [25] in some countries children affected by Thalidomide have been born [18, 26, 27] due to the renewed use of the drug.
By now, 55 years after withdrawal of the drug from the pharmaceutical market, the individuals suffering impairments from the substance face subsequent damages of their disablement, which often include chronic pain. Those subsequent damages have an enormous impact on the impaired persons' way of life, as they cause long sick leaves, dependency on wheelchair and possible resulting social isolation with all its consequences [28, 29] .
In 2002 Nippert et al. [30] ("N2002") conducted a survey among women affected by Thalidomide from North Rhine-Westphalia to gain better understanding of long-term consequences of the impairments. In this survey it was found that those women judged their health-related quality of life and their health care poorer than women their age from the general population living in the same area. In 2015 a study financed by the NRW Centre for Health (Landeszentrum Gesundheit Nordrhein-Westfalen) was presented by Peters et al. [29] ("P2015") which aims were to systematically identify and document the congenital and subsequent impairments caused by Thalidomide.
No longitudinal study that the authors know of has been done to describe the ongoing deterioration of health in Thalidomide affected persons. The aim of this publication is to compare the previously collected data of N2002 with recently collected data of P2015 and therefore try to close this gap of knowledge as to current health problems and anticipated health problems, medical care and assistance.
Methods

Study design
Both studies were cross-sectional studies.
Eligibility criteria and recruitment process
In N2002 the women were recruited by the patient support organization The Federal state Association of Thalidomide victims (North Rhine-Westphalia) (Interessenverband Contergangeschädigter Nordrhein-Westfalen e. V.), which mailed all 177 of their female members in January 1999 and asked them to participate in the survey. Ten letters could not be delivered and one woman was unable to participate due to her impairment (see Fig. 1 ), while 104 women (62.6%) took part in the study.
In P2015 all females impaired by Thalidomide that were recognized as suffering from the effects of Thalidomide by the Contergan Foundation for Disabled People (Conterganstiftung für behinderte Menschen) were eligible if they were either currently living or were born in North Rhine-Westphalia, the most populated state in Germany. Since the study-team was denied access to the addresses of the women affected by Thalidomide by the Contergan Foundation for Disabled People due to data regulations, the participants were also recruited through the patient organization The Federal state Association of Thalidomide victims (North Rhine-Westphalia). The organization mailed out in September 2011 information sheets about the study to potential participants. Along was mailed the offer to be accompanied by a peer when taking part. The potential participants were also offered to get a full medical report of all diagnoses found separated by congenital and subsequent impairments as well as individually recommended treatment options after being examined. Of the 244 letters mailed, 38 letters could not be delivered and were returned. Two reminders were sent, one in May 2012 and one in January 2013. A total of 115 women responded and took part in the study which is a return rate 55.8% of those successfully contacted. It was attempted to reduce a possible selection bias coming from recruiting via a patient organization by advertising the study on the internet, on health fairs and by recruiting individuals that were known not to be organized in support groups directly at the Dr. Becker Rhein-Sieg-Klinik, Nümbrecht (see Fig. 2 ).
Examinations
In N2002 no physical examinations and psychological evaluations were made. All data was collected by a questionnaire.
In P2015 all individuals were systematically physically examined by the same two orthopedists. Where needed, x-ray or sonography was performed. Damages found were categorized as congenital or subsequent disabilities. An evaluation of mental disorders was performed by either a trained and registered psychologist or psychiatrist using the German version of the structured clinical interview for DSM-IV [31] , screening both SCID-I [32, 33] and SCID-II [34] . The SCID-I interview allows to diagnose for all major mental disorders while the SCID-II interview allows to diagnose personality disorders. The results found in the mental evaluation have been previously published [35] . In N2002 no mental evaluation was performed.
In P2015 the individuals had both the physical examination and psychiatric evaluation in one day. All examinations and evaluations took place between October 2011 and May 2013 at the Dr. Becker Rhein-Sieg-Klinik, Nümbrecht, Germany.
Questionnaire
In N2002 a questionnaire was developed that contained questions about socioeconomic characteristics, current medical conditions, access to health professionals and medical care as well as the extent of assistance needed [30] . Quality of life was assessed using the German Version of the WHO QOL-BREF [36, 37] . In P2015 the questionnaire included questions on socio-economic and -demographic data, comorbidities, medical care, satisfaction with the medical care received and extent of care needed [38, 39] . For further assessment of health-related quality of life the German version of the EQ-5D descriptive system [40] [41] [42] was used. The questionnaires were sent to the participants after the written consent was given. The individuals were asked to bring the filled questionnaires to their appointment for the examination and psychological evaluation. Impaired individuals that were not able to fill in the questionnaire by themselves were assisted prior to the examinations in accordance to their needs. They were also given the possibility to be assisted by peers if desired.
The questions selected from the questionnaires used in both studies were tailored to identify and compare disease specific problems [30, [36] [37] [38] [39] [40] 42] . Net incomes were estimated for both studies by calculating the mean for grouped data. To compare the incomes between N2002 and P2015, the income of 2002 was converted to Euro with the exact exchange rate [43] and adjusted with the official German rate of inflation for each year [44] until 2014.
Data analysis
The data was analyzed using IBM SPSS Version 21.0 and R Version 2.15.1. Counts and frequencies were used to describe the sample and contingency tables were calculated. For tests of differences in means two sample t-tests were performed, for tests of differences in proportions two-tailed exact binomial tests were used. To test for homogeneity, χ 2 -tests were used; to analyze 2 × 2 contingency tables exact Fisher tests were used. All reported p-values are two-sided. As this is a highly descriptive evaluation, all tests performed are of explorative nature to generate further hypotheses. Therefore no adjustment for multiple testing has been performed. Additional data that was collected in 2002 was provided by the author.
Results
In this section the results are presented in comparison for N2002 and P2015.
Background characteristics of the sample Table 1 shows the socio-demographic and socioeconomic differences between the populations in N2002 and P2015:
The mean age in the sample of N2002 the mean age was 38.0 years with a range from 35 to 40 years, while in the sample of P2015 the mean age was 50.5 years (sd = .977 yrs) with a range from 48 to 53 years.
The participants in P2015 have reached significantly higher levels of education than the individuals in N2002.
The occupational situation differs significantly: many women were working full time in 2002 while in 2015 many of them worked only part time or have undergone early retirement due to poor health, see Table 1 . Full time occupation was 36.5% in the N2002 sample and 8.7% in the P2015 sample. Part time working was increased in comparison and the number of individuals with a permanent legal disability to work seems to have risen in the past 12 years. The legal disability status for work is found to be significantly higher in P2015 (p < .001) than in the German female general population at that age, in which only 4.5% are legally disabled for work [45] .
Of those who were still working in P2015, 38 (52.1%) women had an adapted workplace suitable for their disabilities. No sick leave in the last 12 month were reported by 14 (19.2%) women, short sick leaves up to 3 days were reported by 3 (4.1%) of the women. Longer periods of sick leave between 4 and 30 days were reported by 12 (16.4%), long term sick leave consisting of 31 or more days in the last 12 month were reported by 36 (49.3%) of the individuals. There were eight non-responders in this item.
Both studies investigated the relationship status but used different approaches. While in N2002 was asked for the marital status, in the inquiry done by P2015 asked for "living together/married". Therefore, statistical tests could not be performed due to incomparableness of the items. Unfortunately, also the data concerning parenthood are not very well comparable since in P2015 this item was surveyed only indirectly through household situation. Only 27.8% of the Thalidomide-impaired women were living in 2014 with their child/children in a household. With this kind of question the proportion of women affected by Thalidomide having one or more children might be underestimated, but the proportion represents a lower bound. In contrast the survey N2002 asked directly for having a child/children and 36.5% stated they were a parent. As above, testing procedures were not performed. Both studies also show significantly lower proportions of Thalidomideimpaired women being a parent than the 78.6% of women in that age-group that have children in the general population in North Rhine-Westphalia [46] , (N2002: p < .001, P2015: p < .001).
The number of persons living in a household was very similar in both study groups. In the N2002 study 24 (23.2%) of the women lived in a single-person household while in the P2015 sample 27 (23.5%) women lived on their own. While in N2002 the women affected by Thalidomide seemed to live in comparable household conditions as in P2015, the proportion of women living alone was higher in both studies than in the general population in North Rhine-Westphalia in the corresponding age group [47] .
In N2002, the estimated mean net income was DM 3370.98 (€ 1723.55), which converts to an inflation-adjusted income of € 2072.47 in 2014. In the P2015 sample the estimated mean income was € 2036.48. The estimated household net income in both samples was around €1000 below the one in the general German population with € 3069 [48] .
In N2002, 96.7% of those actively employed stressed the fact that their income secured their economic independence. While then 94.2% received a pension by Contergan Foundation for Disabled People (renamed from "Disabled Children's Relief Foundation" (Hilfswerk für das behinderte Kind) in 2005 [49] ), in P2015 of 111 women giving information about this topic all except one (99.1%) received a pension from this relief organization. The organization is fully funded by the state, therefore the compensation paid to the impaired is ultimately provided by the German government.
Current health problems and anticipated health problems
In the P2015 sample 92 (80.0%) of the individuals were faced with impairments in their upper extremities and While in the N2002 sample 50.5% of the women affected by Thalidomide reported that they were "very satisfied" or "satisfied" with their health, in P2015 a significant lower proportion (p = .005) of 37.4% of the women reported that their health was "very good" or "good". None of the women reported an "excellent" status of health. Their health-related status was described by 59.9% as "fair" or "poor".
In N2002, 41.6% reported a decrease in health status over the last 12 months. In the P2015 sample 60.9% stated that their health-related status was "somewhat worse than 1 year ago" or "much worse than 1 year ago" (p = .040) while only 7.9% reported that their status of health had improved or stayed the same (27.0%). There were 5 (4.4%) non-responders to that question.
In N2002 64.4% did expect their health to further deteriorate in the next two years. In P2015 were 58.3% expecting that their health status will deteriorate further while only 13.8% did not expect a decrease in their status of health. This finding did not test significantly (p = .668).
Negative feelings such as blue mood, despair, anxiety or depression were never experienced by the individuals in 10.8% of the cases in N2002 and 75.7% stated that they were "very well" or "well" able to get around. 26.2% of the women reported that they felt pain was preventing them what need to do. Also did 68.0% report that they feel "very satisfied" or "satisfied" with their ability to perform their daily living activities. Figure 3 shows the results of the descriptive system of the EQ-5D found in P2015, where 47.0% of the woman felt they had some problems with their mobility. Only 33.0% stated that they had no problems with their self-care, while 70.4% stated that they have "some problems" or are "unable performing their usual activities". Only 2.6% reported no pain/discomfort and a mere 10.4% reported that they do not at all feel pain preventing them from doing what they need to do (in comparison to 26.2% in N2002 (see above and Fig. 3) , p < .001). 37.4% reported that they feel sometimes or often anxious or depressed.
In P2015 of the 109 Thalidomide-impaired women who agreed to a psychiatric evaluation, 51 (46.8%) were diagnosed with some kind of current mental disorder (4 week prevalence). Of those 18 were facing a major depression and in 17 out of 18 cases the acute somatoform disorders found were pain disorders [34] .
Medical care and assistance
In N2002, 43.3% stated they had difficulties finding health professionals who understood their needs. 46 .1% had been under medical treatment due to their impairment in the year before the survey.
In P2015 no problems with medical care were reported by 29.5% of the women, some problems by 57.6% and 8.1% faced extreme problems with their health care. There were 21 non-responders to that item. 48 (41.7%) women stated that they felt an additional appointment at a physician would have been necessary. The main reasons they did not see a physician were unavailability of a qualified physician (17.7%), total time of the appointment was too excessive (18.3%) and the feeling that the physician would have been unable to help (12.2%). Two women reported no problems with subsequent damage of their impairment by Thalidomide, 64 reported "some problems" with subsequent damages and 23 reported "extreme problems" with it. To this item were 26 non-responders. Table 2 shows the involvement in assistance and/or nursing of the women affected by Thalidomide. Multiple answers were possible in this item, therefore subsets are not disjoint. The category "assistants/others" (see Tab. 3) includes professional as well as non-professional assistants since in the N2002 survey no distinction in this characteristic was made.
In the N2002 sample 81.1% stated that they need assistance on a regular basis. With 5.8% community or private ambulant services were hardly utilized, while care was mostly provided by family members (63.6%) and friends (41.6%). In this survey was only asked for assistance, while in the P2015 questionnaire was asked for assistance as well as nursing. In the P2015 sample in 66 (57.4%) cases any kind of relatives or friends were involved in nursing/care. In 53.0% of all cases relatives (spouse, parents, siblings and children) were involved in nursing/care. Only in 12.2% of the cases the individuals made use of professional care or nursing. This includes ambulant services and five professional assistants.
The involvement of parents, siblings, friends and others decreased significantly, while the utilization of ambulant services did not rise in a corresponding manner (see Table 2 ). The prevalence for nursing found in P2015 exceeded the prevalence in the female German population of that age (about 8 ‰) by far (p < .001) [50] .
Discussion
The purpose of this publication was to describe the longitudinal effects of Thalidomide embryopathy and the subsequent impairments it causes on the life of women. Therefore the data of two cross-sectional studies (N2002 and P2015) were compared. Key findings included a declined working capacity, more prevalent health issues and lower satisfaction with health status in P2015 compared to the N2002 sample.
In the 12 years between the two studies the working capacity seems to have declined as many of the women in P2015 worked reduced hours and the proportion of women who were retired went up from 8.7% in the N2002 sample to 29.6% due to poor health in the P2015 sample. A small portion of decline in working hours might have been due to the -in some cases large-rise of the pension issued by the Contergan Foundation for Disabled People starting on January 1, 2013 [51] , allowing individuals who had problems performing their workload to retire. The impact of the rise was extremely important but should also not be overestimated as the sole solution to the problem. For example a lack of knowledge by the medical personnel treating the impaired cannot be removed by providing financial aid to the impaired.
Health problems seem to become more prevalent and severe as the women age. This finding may be demonstrated by lower satisfaction with health status ratings and the statement of deteriorating health in the last 12 months. A majority of the women also reported the expectation of further deterioration in health. In addition somatoform disorders were found significantly more often than in the female general population of that age group in Germany [35, 52] .
Nursing and/or care was assessed with different wording in the surveys. N2002 asked only for assistance while P2015 asked for assistance and/or nursing. Part of the decline in nursing and care might be due to this different approach in the two surveys. As the Thalidomide-impaired individuals grow older more assistance and/or nursing is needed. It can be anticipated that the assistance/nursing provided by non-professionals will likely become an issue since the greater part of the services are provided by the individuals' parents and other non-professionals coming from the social environment of the impaired individuals. In the last 12 years the proportion of parents and other family members giving care has declined. But as the utilization of professional services has not risen to the same extent, it is likely that a concentration of care or nursing supplied by fewer non-professional caregivers with an extended workload for each of them has occurred. This will become an increasingly urgent matter due to the aging and therefore deteriorating health of the individuals' informal caregivers. A gap in assistance and/or nursing will open up that sooner or later has to be filled by some kind of professional nursing and care. Especially for those women who are being cared for by their parents, who are estimated to be in their (late) seventies by now, this will become problematic, as the shortfall of one of those persons will lead to a severe problem: the women affected would encounter a healthcare system that is not prepared to satisfy their needs partially due to lack of knowledge.
Comparison with other studies
To the authors' best knowledge this publication compares for the first time the health status at two points in time in Thalidomide-impaired women.
Strength and limitations of this study
One major strength of this comparison is the same sampling approach that was chosen in both studies with the same patient organization recruiting the participants. Most likely at least some of the women who participated in the survey of N2002 also participated in the study of P2015. Due to the differences found in the educational background it cannot be determined exactly how congruent the two samples were. The sample of P2015 might be biased in terms of education since the incentive of a full medical report and therapeutic suggestions on an individual basis were offered for participating in the study. Education has been shown in several studies to be associated positively to health related behavior [53, 54] . In a recent survey done 2013 by Kruse et al. [28] all over Germany (n = 870), the educational background in Thalidomide-impaired individuals was found to be of higher quality than the of the general German population at that age. The completion of a university degree among the age-adjusted females of the German general population is 8.6%, while it is significantly higher (p < .001) with 35.7% (see Table 1 ) in the results found in P2015.
Accordingly to the findings of N2002, Kruse found a significantly lower global Quality of Life than in the age-adjusted general German population.
Even with those deviations towards the same direction in several sociodemographic domains and the Quality of life found in Kruse, N2002 and P2015 it remains unknown how representative the samples were for all women affected by Thalidomide living in North Rhine-Westphalia. The self-selection bias for the willingness to take part in a study remains unknown for women in North Rhine-Westphalia. Both the samples of N2002 and P2015 seem not to be biased compared to Kruse [47] due to the sampling procedure via the same patient support group.
A further limitation is the presented comparison of self-reported data collected in N2002 with diagnoses found by a physician in P2015. The problems of self-reported diagnoses and their validity have been widely discussed [55] [56] [57] [58] [59] [60] . Also problematic are the different instruments used to assess measures of health outcomes, of which some fit poorly together for comparisons.
As this is the best data available at this point in time for the specific population investigated, these limitations had to be accepted to allow a comparison over time. Due to the challenges described above it is highly desirable to have a longitudinal follow up on P2015. That study should use the same sample and study instruments, since it would give the possibility to assess a large sample of individuals with this orphan disease in a long-term setting and therefore describe the ongoing impairments caused by Thalidomide and their effects on the persons affected across their lifespan.
A first change has been made as the pensions received by the impaired have been risen in 2013 to a maximum of six times the previous highest pension [51] . Therefore at least some of the financial issues that the women feared would occur over time in their lives should be solved.
Conclusion
The aim of this comparison of two cross-sectional studies about the life circumstances of women impaired by Thalidomide was to determine to what extent their situation has changed over the last 12 years. Even though the data was not always comparable, it is the best long term data available and therefore is the best possible assessment as of yet.
The results indicate an ongoing decrease in the status of health and the quality of life while their working capacity has declined due to health related problems and the legal disability to work has significantly risen. The prevalence of mental disorders of the women impaired by Thalidomide is increased compared to the female age-adjusted general German population [34] . Assistance and/or nursing for them is provided mostly by non-professional care-givers and in many cases by their parents which will become an issue as the established social networks fall apart with the aging of the care-givers and their need to be replaced. Since a lot of women do not feel that they get the full healthcare provided they need due to ignorance of their impairment and their medical needs by the medical professionals providing for them the following strategies were developed:
(i) to identify endangered individuals and offer tailored preventions and treatments (ii) to minimize unmet medical needs and provide a supply scheme (iii) to train the medical personnel providing health care for the impaired. To truly assess the life conditions of the individuals impaired by Thalidomide over a period of time a long term study with a representative sample including both sexes and in a less restricted area of residence seems appropriate. 
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